EE2301 Basic Electronic Circuits Problem Set 2 Hints

Problem Set 2 Hint Sheet

Please note this document is a hint sheet. The information contained herein is meant to guide
you up to the main equations required to solve a given circuit. If you are able to get up to this
point, then this document has served its chief purpose. The main focus of this course is on the
concepts behind these equations. Therefore, the details on how to solve these equations lies
outside of this course and therefore omitted from this document. The details contained in this
document are meant to supplement the numerical answers given at the end of the problem set.

Nodal Voltage Analysis

Q1 [Alexander Problem 3.3]
Only one nodal voltage equation is required for this problem and this is the nodal voltage vo:

Apply KCL at node vo: —8+V—°+V—°+V—°+20+V—°:0 = Vo =-60 V
10 20 30 60

The above voltage appears across all the resistors in the circuit and thus can be used to obtain
the currents through each resistor using Ohm’s law.

Q2 [Alexander Problem 3.5]

Only one nodal voltage equation is required for this problem and this is the nodal voltage vo
with the bottom node used as reference (i.e. 0 V). In applying KCL to node vo, you need an
expression to describe the voltage difference across the resistors in each branch:
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Apply KCL at node vo: L2 4+=0=2Vv,=20V
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Q3 [Alexander Problem 3.11]
Only one nodal voltage equation is required for this problem and this is the nodal voltage Vo:

Apply KCL at node Vo: V°1_260 +Yo 224 +\1/—;+ =0=2Vo=3V

Use Vo to find the voltage differences across each resistor. Then use the respective voltage
differences across each resistor to find the power consumed by each resistor.

Q4 [Alexander Problem 3.32]
No nodal voltage equations are required to analyze this circuit. The nodal voltages can be
found by adding up the voltages from one node to the next.

vz is known through the 12 V voltage source that sets the voltage difference between V- and
ground: = v, =12 V

Then consider the following relations: vo —vi =10 V; vo —v3 =20 V.
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Q5 [Modified from Problem 3.12]

The minimum number of independent equations required for this problem is 2: one node
equation for V1 and another for V.. We choose the bottom mode of the circuit to be the
reference node.

VMYV _
Apply KCL at node Vi: + = 1s 2 5V1-4V,=40 (1)

Rl RZ
Ri=8Q,R2=2Q,R3=5Q,Ra=6Q,R.L=4Q,Vs=4V, Is=3A.
The highlighted term represents the current through R> running away from node V1. To
obtain this term, you must correctly describe the voltage difference across R to apply Ohm’s
law correctly. One the left side of R, the voltage is V1 (relative to the reference node). On the
right side of the R2, the voltage is V2 + Vs (relative to the reference node).

ViVo-V, Y, Y,

Apply KCL at node V2: R, R3 R+R,

= 5Vi —8V2 =20 )

= Solve (1) and (2): V1 =12V, V=5V

Use voltage divider rule to find voltage across Ri: Vi = (4/10)*V2 = 2 V. With VL known, V
can be used to find the power consumed by R.. Alternatively, you can use V2 to find the
current through R and use the current through Ry to find the power consumed by R..

Q6 [Modified from Rizzoni Problem 3.62]
Two nodal voltage equations required: one for node A and one for node B

Apply KCL at node A: SV _Va +VA —Vs
100 100 100

= 3Va-Ve=5 @

Apply KCL at node B: =57 Vs _ Vs VeV

A= Va-3Ve=5 2
100 100 100

= Solve (1) and (2): Va=1.25V, Vg = -1.25 V
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Mesh Current Analysis

Q7 [Modified from Alexander Problem 3.15]
Only one mesh current equation is required for this problem (marked by mesh I below). Note
that the current sources already define the mesh currents in the remaining two meshes.
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Apply KVL around mesh I: 10 = I*10 + (I - 4)*5 = solve: | =2 A

Current through 10 Q: ip = |

V1 can be obtained using io: V1 =i0*10

V> can then be obtained through the 10 V voltage source: V1 - V2 =10V

V3 can be obtained by considering the voltage drop across the 3 Q resistor and V2. You will

need to know the current through the 3 Q which can be obtained simply by applying KCL at
node V3. This current has a value of 6 A = Hence: V3 -V, =3*6 =18 V

Q8 [Modified from Alexander Problem 3.36]
Two mesh current equations are required for this circuit as marked out below by I and Ip.

30 10V
" G
I * Iy ¢ * I3
12 v @ @ %2@ %4@
O, \
Apply KVL around mesh la: 12 = 1.*3 + (la + Ip)*2 = 5la + 21, = 12 1)
Apply KVL around mesh Ip: 10=(lp + 1)*2 + I.*4 = 3la+ b =5 (@)

Solving (1) and (2): 1a=2A, Ihb=1A

The branch currents can be found by considering the following relations:
i1 =-lg;i2=la+ Ip;iz=-lp A
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Q9 [Alexander Problem 3.51]

Two mesh current equations are required for this circuit as marked out below by 1 and Ip.
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Apply KVVL around mesh Ia:

40 = 1*1 + (la = 5)*2 + (la— Ip)*4 = Tla— 41y = 50

Apply KVL around mesh Ip:

20=(lb-1)*4 + 1Lb*8 = 3lpb—1a=5

Solving (1) and (2): 1a=10 A, [b=5A

)

Finally, vo can be found using the current through the 4 Q, which is given by la — Iy (flowing

from node v, to ground): vo = (la — lp)*4



